Water permeable pavement is used to minimize the far-reaching negative effects produced by sealing off the natural water balance. Due to the immediate uptake of water and due to the buffering by the permeable structure, the risk on floods during thunder storms by water running of the surface or due to overflow of the sewer pipes, is minimized. A research program has started to investigate the buffer and infiltration capacity of different water permeable structures. The goal of this research program is to link soil characteristics and material properties, measured in laboratory to the final buffering and infiltration capacity in situ. Therefore, a test parking lot with 12 different test sections is constructed and measured on. Additional laboratory measurements and in situ measurements on different types of permeable pavements are done. The link between laboratory and real conditions is made by a model of the structure. After calibration, this model will also allow to calculate the influence of a longer period of consecutive rain showers as well as to take into account a reduced permeability over time.
Introduction
Water permeable pavement is used to minimize the far-reaching negative effects produced by sealing off the natural water balance. Due to the immediate uptake of water by and the buffering in the permeable structure, the risk on floods during thunder storms by water running of the surface or due to overflow of the sewer pipes, is minimized. Although drainage into the ground is possible, the water permeable pavement should be looked upon as a drainagereducing element, rather than an actual drainage system. This is mainly due to the fact that the permeability in the future could be reduced significantly due to silting up of the pores [1] . Up till now, some research has been done on the durability of the permeability, but no overall conclusions can be drawn. Therefore, a research project, funded by the Flemish Government (through IWT: Institute for promotion of Innovation through Science and Technology -Flanders) has started to model the permeability and the buffer capacity of the structure in order to optimize the durability of the permeability. This project includes laboratory tests on the pavement material as well as on the base and sub-base material, and in situ tests on soil and on water permeable pavements. At the Belgian Road Research Centre, 12 different test parking lots (each 120 m²) have been constructed. In addition, the water permeability of existing and new permeable pavements in Belgium is measured and followed over time.
The goal of this project is to produce a clear view on the working mechanism of permeable pavements towards buffering and infiltration and to provide sound guidelines for architects, engineers and constructers. A collaboration between the Belgian Road Research Institute, the Laboratory for Soil and Water Control of the Katholieke Universiteit Leuven and the Belgian Federation for Pavement blocks and linear elements (FEBESTRAL) is at the base of this project.
This paper emphasizes on the concept and construction of the test parking lots. It is important to emphasize that a permeable pavement is not made by the pavement blocks on their own, but by a complete permeable pavement from surface to base, sub-base and underlying soil.
Concept of the permeable pavement structure
The concept of water permeable pavements differs in at least one important matter from the classis pavement blocks. Where water in the case of classic pavement blocks is banned from the structure as much as possible, the water has to go into the structure in the case of permeable pavements. It has to be constrained in the structure for a certain time after which it has to part or by infiltration in the ground or by drainage into a brook or canal.
As for the concept and dimensioning of the structure, the rules for the classic pavement blocks have to be followed, taking into account a lower barring capacity of the pavement. This is due to the higher porosity of the foundation and of the pavement and therefore a lower resistance towards traffic.
From the environmental point of view, infiltration in the soil is wanted, unless the pavement is situated in a water-collection area. The use of de-icing salts should also be avoided as much as possible, to avoid contamination of the underlying soil. The optimal sites for application of water permeable pavements are therefore shopping areas, company grounds, car parking lots, pedestrian sidewalks, squares,… From the hydraulic part of view, water permeable pavements are conceived to be able to captive an intense rain shower of 270 liter per second per hectare, which in Belgium will take place once in 30 years during 10 minutes. To compensate the fact that after a dry period, the permeability of the structure will be reduced due to air enclosures, the required permeability is brought to 5.4*10 -5 m/s.
A good choice of materials is at the base of a good working permeable pavement. The foundation can be made of unbounded materials. Aggregates with no-fines or very limited amount of fines are used in the test parking lots as foundation and under-foundation. It is also possible to use cement-bounded materials as base layer, for example porous lean concrete, which combines a high porosity with a relative high strength. To ensure the stability of the structure, it is necessary to exclude the infiltration of one layer into the other. Therefore, if necessary, a geotextile is placed between different layers. However, this should be avoided as much as possible to prevent sliding of one layer on the other due to traffic forces.
To prevent silting of the structure, it is advised to start with a relative fine material at the top and to increase the porosity of the lower materials. The top layers will work as a sort of filter for the bottom layers.
Construction of the test parking

General concept
A test parking was designed near the laboratories of the BRRC in Sterrebeek (Belgium). The parking consists of 12 different test lots in which 5 different types of pavement blocks are used as well as two different base layers. Table 1 gives an overview of the different combinations of subbase layers, base layers, sand bed and joint filling material. Additional demands are set for the amount of fine material and the quality of the aggregates. The latter to prevent a rapid contamination of the different layers by abrasion of the stones. Additional to the 10 test parking lots, described in table 1, two test lots are added with gras tiles. Here, the influence of the amount of humus in the upper layer on the growth of the grass is looked for. Figure 2 gives an overview of the parking lots in reality. Each zone is approximately 120 m². 
Measurement set-up
The purpose of the test parking is to get a good knowledge of the buffering capacities of a permeable pavement structure. In addition, parameters will be collected to calibrate the model which will link the amount of rain to the buffering and infiltration capacities of the structure.
The goal of this model is to be able to simulate the behavior of the water in the structure in the case of successive rain periods. The determination of the parameters is done by capturing all the water which runs from the surface separately from the water which goes through the complete structure. To do this, an impermeable membrane is placed at the bottom of the structure with in it a drain towards measuring pits at the site of the pavement lots. Figure 3 gives the view of the membrane and the protecting sheet as well as the drain pipe at the bottom of the permeable pavement structure. Figure 3 : View of the membrane and its protecting sheet with the drain at the bottom of the structure Following measurements will be made on the different test parking lots: -continuous flow measurement of the run-of water at the surface -continuous flow measurement of the water collected in the drain at the bottom of the structure -continuous measurement of height of rise of the water in the drain and in the structure -continuous rain and temperature measurements -permeability of the structure measured by the double ring method at the surface of the structure -water quality (amount of oil, fine particles,…) -load barring capacity by the falling weight method
Preliminary results
The construction of the test sections was finished end of February 2004. From then on the measurement equipment is installed and will be operational in May 2004. From then on continuous measurements will start.
Up till now, some data have been collected from visual inspections and manual measurements. Although these data are preliminary and insufficient to come to conclusions, some interesting general comments can be drawn from them. Visual inspection during rainfall showed no surface run-off of the water in the case of permeable pavement. In the case of the classic pavement blocks, however, a substantial amount of water was going immediately to the gutter. Manual measurements of the flow showed that the amount of water going through the structure is limited during the first half hour. However, measurements at some time after the rain shower show that there is an important amount of water coming through the drainage pipe, which indicate a good buffering capacity of the structure. Also in the case of classic pavement blocks, rain water was present in the drain after some time, which indicates an infiltration of the water in the structure, although this infiltration is much smaller than in the case of permeable surface structures.
Interesting to notice is also the retention time on the outflow of the water. In the case where no infiltration in the soil is possible, the water will flow out of the structure during approximately two days after the rainfall. In the case infiltration in the soil is possible (in two sections, no membrane was placed), the water stopped running out of the structure after approximately one day. This indicates that although the soil is not very permeable, infiltration is still taking place.
The soil at the test sections is loam with a permeability between 5.2 10 -6 and 3.1 10 -7 m/s.
In situ measurements
Additional to the measurements done on the test sections, in situ measurements are carried out at different places in Belgium. The realizations are mostly parking lots for cars or pedestrian access roads. The surface varies between several 100 m² to several 1000 m². In order to assist the design engineer of the permeable pavement, two different types of measurements are done. First the permeability of the soil is measured by means of the open-end-test [2] . This is to determine if infiltration will be possible or if the permeable pavement will only act as a buffer for the discharge of the rain water. Consequently, the permeability of the permeable construction is measured by means of the double ring infiltrometer [3] . This is done after the construction is built, but will provide information for new realizations. Moreover, the measurements at the surface will be repeated every 6 months to reveal the changes in permeability over time. In total, 15 projects have been measured up till now. The majority of the projects are still under construction. In those cases, the permeability of the soil was measured. Mostly, the soil consisted of sand, which has a permeability ranging from 1.2*10 -5 m/s up to 4.5*10 -4 m/s.
In 5 cases, the permeability of the final surface was measured by the double-ring infiltrometer.
The results indicate that immediately after construction, the porosity of the surface and of the structure is sufficient to obtain the minimum required permeability of 5.4*10 -5 m/s. In the case of the test project, the permeability of the sections paved with the porous concrete pavement blocks was equal to 7*10 -5 m/s and 3*10 -4 m/s respectively with a base layer of 0/32 and of 2/20.
Conclusions
A project has started to investigate the buffer and infiltration capacity of water permeable pavements. A model will be composed by which a relation will be made between the permeability measured in the laboratory and the buffering and infiltration capacity of the pavement structure. To calibrate this model and to measure the buffering capacity of water permeable pavement structures, a test parking with 12 different test sections is build at the Laboratories of the BRRC in Sterrebeek, Belgium.
The project comprises laboratory tests, elaborated tests on the parking lots, in-situ tests at different places with water permeable pavements. First results indicate good permeability, at least immediately after the construction of the permeable pavements, no surface water run-off, even not during thunderstorms and a long retention time of the water in the structures. Continuous measurements on the test sections and repeated measurements in situ will investigate the durability of the permeability in time. The results will be communicated in future publications.
